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Introduction

Background information
About 800 million people, one-sixth of the developing world's total population, are food insecure (Pinstrup-Andersen et al. 2001) ; 180 million of whom are in sub-Saharan Africa (SSA). The deterioration in SSA's development to some extent reflects the decline in agricultural performance, since agriculture remains the dominant sector of these economies, encompassing over 60 per cent employment, 30 per cent gross domestic product (GDP), and is the main source of foreign exchange (Benneh 1996) . But declining per capita food production, increasing food imports, declining or stagnant agricultural exports, and worsening environmental degradation largely define SSA's situation despite considerable investments towards increasing agricultural productivity over the past three decades (Mrema 2000) . Kenya, in many respects, closely mirrors the rest of SSA. Its GDP growth rate has steadily declined and was negative (0. . Smallholders who account for 98 per cent of total farm holdings contribute most of the sector's output but with poor and inappropriate technologies. Food production has therefore been adversely affected, leading to food deficits and increased reliance on relief food.
Bondo district is among the poorest in Kenya with about half of its population living below the poverty line. The district's population is predominantly young and the level of literacy well below the national average of 80 per cent. Life expectancy is on par with the national average of 51 years but HIV/AIDS infection rates are among the highest in Kenya. Agriculture remains the backbone of the local economy, and over 80 per cent of household income is derived from farming (crop and livestock production) and fishing. The district has a modified equatorial climate strongly influenced by local relief and the nearby expansive Lake Victoria, which influences rainfall amounts and distribution. It predominantly has a warm, dry and humid climate. Less than half (30 per cent) of the arable land potential is utilized for agricultural production. Farming is typically a rain-fed maize mixed farming system. The district is not food self-sufficient hence relies on food purchases from other districts. Opportunities for poverty reduction and economic growth in Bondo district include raising farm productivity (especially labour productivity), reducing exposure to risk, diversifying employment, increasing household incomes, and improving household access to food (Oluoch-Kosura et al. 2003) .
Scientific, technological, and managerial innovations and the proper selection, utilization, and management of farm technologies are necessary for productivity improvements. The food insecurity challenge has focused increased attention on the development and dissemination of improved agricultural technologies (Doss and Morris 2001) . Unfortunately, significant investments in SSA's agricultural R&D over the past four decades have had limited impact on rural livelihoods, since farmers either failed to adopt or inappropriately applied the technologies. The model of transferring technologies perfected elsewhere has been unsuccessful in many countries (Benneh 1996) . The lack of attention to location-specific conditions and expressed customer interests could have made the technologies ineffective, costly, and irrelevant. In Kenya, for instance, agriculture's productivity is below potential (40-60 per cent) and technology adoption is generally low and poor (Oluoch-Kosura et al. 2000) . These failures thus raise fundamental questions about technology application especially in rain-fed systems prevalent in SSA. It is generally acknowledged that inadequate attention to needs and preferences of men, women and children in the design and implementation of R&D programmes results in low demand for the technologies (Kabutha 2002 ).
Farm mechanization is one area that has attracted considerable interest in the field of technology adoption. It is borne out of the recognition that tools, implements, and powered machinery constitute the most important technologies in agriculture. The level, appropriate choice, and subsequent proper use of mechanized inputs in agriculture have a direct and significant effect on production, profitability, and the environment. Mechanization is generally a labour augmenting technology, increasing output per worker rather than output per unit of land. But in situations like Kenya's, where productivity is low partly because of poor timeliness of tillage operations, it may as well be land productivity augmenting. Without land constraints, increased farm power can lead to direct increases in production by increasing the land area or animal numbers per person. Some analysts argue that past failures of agricultural technology investments were because of the neglect of the need for adequate farm power. The hand tools that dominate agriculture could not provide adequate power, yet these technologies demand increased use of farm power. Thus, the low productivity attributed to farm power largely influenced past mechanization models in Kenya, like the rest of SSA, to leap directly to tractors. The potential roles of alternative mechanization methods like animal traction and improved hand tools, among others, were largely ignored.
As a result, despite years of vigorous promotion, the degree of farm mechanization in SSA is currently limited. In Kenya, 30 years of promoting tractor-mechanization has been unsuccessful (Kaumbutho 1996; Oudman 1993) . Moreover, belated attempts at promoting animal traction as an alternative are yet to make a significant impact. It is estimated that over 80 per cent of farms in Africa rely on manual tillage and fewer than 16 per cent on animal traction. The African farmer is generally a 'hoe farmer', and is characterized by drudgery, labour supply bottlenecks, and poor timeliness. This has imposed limitations on cropped area and encouraged poor crop husbandry, leading to low productivity. The slow uptake of mechanization technologies, despite these farm power constraints, implies that important factors affecting farmers' decisions are not considered in designing mechanization strategies. Although the technical aspects of mechanization are already widely documented and understood, very little is currently understood of the social, cultural, economic, and environmental factors that influence farmers' mechanization choices. 
Objectives of the study
The overall objective of this study is to analyze the factors that influence the choice of farm mechanization technologies at the household level and to suggest policy interventions that would enhance the generation and adoption of appropriate farm mechanization technologies.
The specific objectives are to:
i) characterize the various farm mechanization technologies prevalent in the area.
ii) identify the relevant mechanization technology attributes and estimate their relative influence on their choices by the various households.
iii) determine the categories of households likely to choose given farm mechanization technologies.
iv) determine household (farmer/farm) characteristics that influence the choice of the various farm mechanization technologies, with special focus on gender.
v) determine the effect of institutional and infrastructure factors on the choice of farm mechanization technologies.
Methodology
Conceptual framework
Agricultural mechanization in Africa is characterized by the coexistence of different alternatives in different farming systems. The nature of SSA's agriculture demands that farmers opt for the most appropriate farm mechanization methods when preparing land at the onset of the rain. The choice decisions depend on the circumstances and preferences of individual households, which in turn reflect the features of the farming system and the technologies. This study presumes that farmers choose the attributes embodied in the mechanization technologies rather than the methods per se. However, choice decisions are also affected by the characteristics of individual households in terms of resource endowment and other socio-economic and socio-cultural characteristics. Further, farm mechanization alternatives are heterogeneous and farmers' preferences differ, both within and between households. Decision-makers therefore face different choice sets, evaluate different attributes, and assign different values to the same attribute of the same mechanization technology (Ben-Akiva and Lerman 1985) .
The choice of a farm mechanization method is conceptualized as a three-stage decisionmaking process: identifying the existence of farm mechanization needs; choosing the alternative method to use, and; determining the level of use. The choice of a farm mechanization method is a product of personal characteristics (for example, formal education), which may intensify awareness, and the physical characteristics of the farm. Personal factors, such as training, influence a household's disposition to a particular mechanization method due to awareness of the benefits and costs associated with the mechanization technology. Institutional instruments such as training programmes, technical assistance and cost sharing can influence the choice of particular mechanization methods. Also, relevant public training programmes are likely to heighten perceptions of the importance, costs and benefits associated with the mechanization technology.
In such cases, the decision to choose a particular mechanization technology can be any of four forms: dominance, lexicographic, satisfaction, and utility, which would lead to different choice decisions. However, the most frequently used decision rule or objective is utility maximization. This study uses a discrete choice framework, in which alternative mechanization methods form a discrete set, based on revealed preferences (RP) of individual households.
The basic principle and economic theory behind discrete choice analysis is that the choice of a mechanization technology is a reflection of the technology attributes, which then form the arguments in utility functions (Karugia 1997; Greene 1997; Ben-Akiva and Lerman 1985) . In a discrete choice framework, the observed dependent variable usually consists of an indicator of the alternatives most preferred by a household, while the others are considered to be inferior to the chosen option (Greene 1997) .
Discrete choice models relate choices of economic agents to appropriate choice sets, consisting of mutually exclusive and collectively exhaustive choices. An operational model consists of parameterized utility functions of observable independent variables and unknown parameters, with values estimated from a sample of observed choices made by households (Ben-Akiva and Lerman 1985) . Thus, the attractiveness of an alternative is evaluated in terms of a vector of attribute values, measured either on an ordinal (for example, speed) or cardinal (for example, cost) scale.
Theoretical basis and the derivation of the multinomial logit model
Probabilistic discrete choice models are frequently based on random utility models (RUM), which are derived from assumptions about individual's evaluations of choice objects. An individual's utility measures are represented by systematic and random components. The systematic component is a function of observed attributes of the alternatives and individuals, while the random component captures variations in choice due to within and between individual variance, omitted variables, measurement errors and imperfect information (Ben-Akiva and Lerman 1985) . The random component is assumed to be independently and identically distributed (IID) according to a particular probability distribution.
Different choice models are obtained by assuming different forms of probability distribution. Two of the frequently assumed probability distributions are the IID Gumbel distribution that yields a multinomial logit model, and the IID normal distribution (multinomial probit model). The multinomial logit model is the most widely used because it is easy to estimate and to interpret. A fundamental property of the logit model is that only differences in representative utility affect the choice probabilities, not their absolute levels. The preferred model for this study is a variant of the MNL called the discrete choice model.
Data collection and sampling technique
This study uses participatory rural appraisal (PRA) consisting of Focus Group Discussions (FGD) and household interviews in primary data collection, which was undertaken in Bondo district in Nyanza Province, Kenya in 2003. The process of sample selection used PRA tools to identify the technology attributes and the farming systems in the area. FGD involving different sets of farmers were conducted prior to the household interviews to assist in understanding alternative farm mechanization options available in the study area. Primary data was then collected through household interviews using a structured questionnaire.
Data collected include the household (farm/farmer) characteristics, technology specific attributes, and institutional factors. A multistage purposive sampling procedure was used in selecting the respondents to capture mechanization choices and use between the different households. Two divisions from the district were purposively selected; one in the upper mid-land (UM) zone, and the other in the lower mid-land (LM) zone. In the zones, households were stratified by gender of the household head, economic status and cropping systems, among others. A sample of 124 households disaggregated by gender and distributed proportionately between the areas was chosen for the interview. Statistical Package for Social Scientists (SPSS) was used in descriptive statistics analysis. Discrete choice unordered multinomial logit model was used in econometric data analysis.
Variables used in the regression model
The dependent variable was the multiple farm mechanization methods available to households and the choices they made, namely manual, animal traction, and tractors. The independent variables were in three main groups -technology specific attributes, individual household (farm/farmer) characteristics, and institutional factors.
Technology specific attributes
Availability: measured in terms of the approximate distance to the technology service provider (in kilometres). Power output (time): measured in days taken in land preparation per acre. Profitability: measured as returns attributed to the use of a specific mechanization technology. Gross margins (GM) analysis was used in measuring profitability. Reliability: waiting time (days) after placing an order for tillage service. Efficiency: measured in terms of the number of harrows necessary before planting after using a particular technology and the number of days before the emergence of serious weeds problem. Cost was in US$ per acre of land.
Household (farm/farmer) characteristics
Gender of the household head, Age of the household head in years, Farming experience of the household head: number of years the household head had farmed at the time of the survey. Formal training: number of years spent pursuing formal training. Informal training: number of times attended informal training, for example demonstrations, FFS, farm visits, etc.
Farm size: number of acres under maize-bean enterprise. Off-farm income: amount of money earned from other sources other than the farm in US$.
Institutional factors
Credit service: access to credit or measured by past borrowing from both formal and informal credit sources. Agro ecological zone (AEZ): region where farmer is situated. Infrastructural development index: measured as an index of distance to development facilities such as the nearest divisional administrative offices or markets in kilometres as the base. Commercialization index (farmer's orientation to the market): measured in terms of the proportion of farm output sold.
Results and discussions
Results of descriptive statistics
Households were grouped into different gender categories, that is: male-headed married, male-headed single, and male-headed widower. Other categories include female-headed single, female-headed divorced, female-headed widow and female-headed husband absent. In this study de facto female-headed households are those in which husbands live away from home mostly working, while the de jure female-headed households are those headed by widows, single, and divorced women. This is necessary because the socio-economic roles of women and men in society are different, which lead to different responsibilities and opportunities that have a bearing on household resource endowment. Consequently, women and men make various choices depending on their social roles, opportunities, and resource endowment.
This study establishes that poor access to farm power is the main constraint facing farming households in Bondo district. Female-headed households, especially de jure are the hardest hit, having the most limited access to productive resources such as animal traction. There are strong indications that de jure female-headed households are discriminated against in the case of animal traction hire due to their low social status. Furthermore, for those willing to hire, animal traction services are only available after full payment has been made, which means that farmers without adequate lump sum cash do not benefit from animal traction hire services.
Men own and control most of the household productive resources through inheritance and or purchase and the de jure female-headed households are most disadvantaged as they in most cases cannot inherit them nor do they have the necessary financial resources to purchase them. In addition, access to animal traction is not necessarily based on gender, but on the availability of cash and the work schedule of the animal traction operator. The de jure female-headed households are mostly low-income earners and do not own assets such as livestock and animal traction components. This confines them to the use of manual tillage of tillage. In contrast, de facto female-headed households are generally better off since, apart from having access to remittances from their husbands they are more respected in society because of the name and social networks of their husbands. They are therefore able to hire animal traction services or even manual labour for tillage. Farmers cite delays by animal traction operators as the main reason why they resort to manual tillage. Most farmers who use manual tillage feel helpless and hence resigned to endure the drudgery and tedium of manual tillage. As such, farmers reported that they mostly plant late due to late ploughing occasioned by delays in animal traction services and the tedious nature of manual tillage. Yields and output attributed to manual tillage are low because of late tillage, land area limitations and poor land preparation. Table 1 shows the various gender categories in which households were classified, and that male-headed households are better off in terms of resource ownership and control, and hence have higher chances of adopting better mechanization technologies than female-headed households. Table 1 also gives a detailed account of the distribution and use of resources and infrastructural access of the various gender categories.
Married male-headed households own more livestock than the average of the sample, followed by the de jure and de facto female-headed households as seen in Table 2 . The most common livestock owned are local zebu cattle, goats, and sheep. Also, married male-headed households own four times as many cattle as the female-headed households. Ownership of improved cattle, which is a sign of wealth, is confined to male-headed married and the de facto female-headed households. This means that households where men are whether present or absent are better off in terms of household resources than those without the men. It also shows that male-headed single and widower households have fewer resources compared to married households be it male or female headed. This result depicts the economic benefit of men and women combining efforts in investment. The de jure female headed households seem to do better in ownership of local zebu cattle compared to the others except the male headed married households. This is because majority of them are widows and they inherited cattle from their dead spouses. Table 3 shows that more than half of the sampled households have customary titles with full user rights. However, most of the single male-headed households have customary titles with temporarily user rights. This is attributed to the widespread fear that if young men without families are given full control over land they could sell it. Also there is a lot of rural to urban migration of young people hence not permanent residents in the village. Land tenure insecurity could otherwise discourage the energetic younger people especially the single household heads from investing in agricultural production. Most land in the study area is neither adjudicated nor titled, which means that land can not be used as collateral in accessing credit facilities that could be used to acquire farm mechanization technologies. Focus group discussions revealed that 96 per cent of the land in the study area is inherited from father to son hence there is no threat of eviction being ancestral land a phenomenon that does not encourage households to seek land title deeds. Additionally, the process of acquiring title deeds is expensive and tedious hence discouraging to the mainly resource poor households. Table 4 illustrates that on average, five adults and two children are available for farm work per household in the entire sample. Children are however available for farm work after school, on weekends and during school holidays. Also, married and widower maleheaded households have the largest pool of farm labour. This implies that these households are more likely to take up labour-intensive technologies compared to the other household categories. The female-headed households have relatively less labour available for farm work. More so, most of them have no adult male in the household, which then imposes heavier burdens on the females since they have to undertake additional household chores besides farm work. All households except the male-headed singles hire labour at an average daily cost of US$0.67. This high cost of labour limits the ability of the mostly resource poor de jure female-headed households to adopt labour-intensive farming technologies. Surprisingly, the male headed widower households hire more labour than the rest of the households. This is due to too much work for one pair of hands hence the need to hire additional hands to help. 
Land tenure
Availability of labour for farm work
Access to credit and information
The main source of credit in the study area is informal, such as churches and merry-goround groups. 1 Generally, there is minimal access to formal credit in the area, especially among the single and widowed male-headed households, and female-headed households especially the de jure. Although negligible, a higher percentage of married men have more access to formal credit, mainly because they own and control more valuable assets that are used as collateral, unlike the rest of the household categories. Contrastingly the de jure female-headed households have limited control over household productive resources, while the de facto female household heads have to consult their absent spouses before making major decisions concerning household assets. Majority of women therefore borrow money from informal sources, which does not require security and if it does, it is not pegged on valuable household assets. The main constrain that face informal credit service providers is the small amounts of money they disburse due to insufficient group funds coupled with the limited capacity of group members to service the loan.
Farmer field schools (FFS) act as major training grounds for farmers.
2 This is a new extension initiative being fronted by the Food and Agriculture Organization of the United Nations (FAO) in collaboration with the Ministry of Agriculture (2005). FFS revolves around creating a training centre where a group of farmers converge every once in a week to participate in demonstrations on improved farming techniques. The Shifting Focal Area Extension approach is another emerging method of agricultural extension service delivery under the National Agricultural and Livestock Extension Programme (NALEP), supported by the Swedish International Development Agency (Sida), and the Ministries of Agriculture and Livestock and Fisheries Development (Ministry of Agriculture 2005). In this approach extension officers visit a 'focal area' for a period of twelve months, imparting extension knowledge to farmer groups, after which they shift to a new focal area. The purpose is to concentrate the scarce extension resources in an area of about 2,000 households then shift to another area. The most recent effort is the Kenya Agricultural Productivity Project (KAPP), 3 which is a hybrid of various extension approaches and methods on a pilot phase of three years. KAPP deviates from NALEP in that although it works with common interest farmer groups, KAPP stays in a focal area for three years. Farmers are focused upon increasing productivity through setting and achieving agreed-to performance targets. It is expected that KAPP will revolutionize agriculture and contribute significantly to productivity. Table 5 shows that about half of the married and single men attend FFS. However, fewer women attend the schools, because of their obligations to household chores alongside farm work. Therefore, women again are unlikely to benefit from the new extension approach. Female-headed households both de jure and de facto are the main beneficiaries from informal credit services. This is so because women are more organized in groups that engage in financial activities, while men either join women's (merry-go-round) groups or they belong to no group at all.
Mechanization methods
Animal traction is the most commonly used tillage method, followed by manual tillage, as seen in Table 6 . Animal traction is fast, efficient, and relatively affordable besides being readily available in the area. Eighty-two per cent of households use animal traction, while 7 per cent use manual tillage. Notably, more than half of the farmers in each gender category use animal traction. More married and widowed male, and the de facto female-headed households use animal traction, because married men own more household resources such as livestock, ploughs, and income, and are hence able to invest in animal traction. More households use animal traction because they appreciate its efficiency, availability, and relatively low cost. Households who do not use animal traction are the very poor who cannot afford the technology or those with very small plots of land that does not facilitate the movement of equipment and animals.
The de facto female-headed households are limited in decision making because although they have access to household resources, the absent spouse has to be consulted before major farm decisions are made. This leads to delays in the implementation of farm activities (Joekes and Pointing 1991) . The de jure female-headed households, apart from owning fewer household resources they have to rely on men to operate the animal traction technology. This is because the design of the implements discourages the participation of women.
Generally, more male-headed households operate animal traction than female-headed households because of the prevailing socio-cultural practices and traditional beliefs that discourage women from owning and operating animal traction technology. Furthermore, women generally have lower levels of formal and informal training coupled with a lack of access to formal credit, which constrain their access to the more expensive animal traction compared to manual tillage.
Results of econometric analysis
Effects of household socioeconomic characteristics on the choice of mechanization
Formal training positively influence the use of animal traction in the whole sample irrespective of gender, while age of the household head has a negative influence on the use of the same technology (Table 7) . This is because trained farmers are less risk Notes: ***, **, * significant at the 1%, 5%, 10% level of error probability respectively. Source: Survey, 2003. averse, and training increases the ability to comprehend the technology attributes, thereby influencing choice. But male-headed households use animal traction more than female household heads due to their higher resource endowment. Formal training has a negative influence on the use of manual tillage, implying that farmers with less training use manual tillage more so than those with more training who prefer animal traction. This is attributed to increased access to resources and information that come from training. The gender of the household head also influences the use of manual tillage. That more female-headed households use manual tillage than male-headed households is also attributed to differences in resource endowment in favour of men.
The commercialization index has a negative influence on the use of manual tillage, implying that the less market-oriented farmers use manual tillage more that market oriented households. However, this result requires cautious interpretation because of the possibilities of reverse causality. As manual tillage is tedious and thus prone to delay tillage operations, it is likely that households that use manual tillage do not produce enough for sale due to low yields coupled with their small farm sizes. Therefore, age, gender, and the level of training of the household head influence mechanization choices.
On the other hand, the age of the household head has a positive influence on the choice of manual tillage implying that houses managed by older heads use more manual tillage than their younger counterparts. Table 8 reveals that formal training and off farm income have a positive influence on the choice of animal traction among married male-headed households. This is so because training acts as a source of information while income acts as a means of acquiring farm mechanization technologies. The two combine well to facilitate the farmer's access to animal traction technology among the married male-headed households. On the other hand, the age of the household head has a negative influence on the use of animal traction, which implies that younger and more adventurous farmers engage more in the use of animal traction. One interesting observation is that access to formal credit has a negative influence on the use of animal traction, which is attributed to the low amounts of money borrowed mainly from the informal sector. On the part of manual tillage, the infrastructure index positively influences the choice among married male-headed households. This observation is a result of the difficulty encountered in accessing information on mechanization given the long distances involved. This implies that households who live further from service centres such as government offices and markets use more manual tillage than those who live closer. However, land size and formal training have a negative influence on the use of manual tillage. Farmers with more years of training and those who own more land use the more efficient animal traction at the expense of manual tillage. Notes: ***, **, * significant at the 1%, 5%, 10% level of error probability respectively. AEZ = agro ecological zone. Source: Survey, 2003. Formal and informal training positively influence the use of animal traction while the infrastructure index negatively influences the use of the same technology among single male-headed households. This implies that better (formal and informal) trained farmers choose to use animal traction because they are able to rationally asses the benefits and risks attributed to the technology compared to their less trained counterparts. Also, land size and formal training have a negative influence on the use of manual tillage. This means that households with more training and those who have larger plots of land use less manual tillage. These households are likely to have a better understanding of the Notes: ***, **, * significant at the 1%, 5%, 10% level of error probability respectively. AEZ = agro ecological zone. Source: Survey, 2003. technology attributes and more resources to invest in expensive but efficient animal traction. Additionally, larger land sizes provide adequate space for the movement of animals and people (Table 9 ).
Formal and informal trainings, land size, age, and commercialisation index positively influence the choice of animal traction as a tillage option among the de jure femaleheaded households as seen in Table 10 . Training builds the capacity of household heads enabling them to comprehend and invest in the relatively more efficient but affordable animal traction option. They also find it more cost effective to use animal traction option where land is relatively larger. Interestingly, unlike in previous observations, older household heads use animal traction more than their younger counterparts among the de jure female-headed households. Those women in this category, who have received more years of training and have larger farm sizes, use animal traction more than those who have less years of training and have smaller land sizes. This means that training helps the de jure female-household heads to choose the more effective animal traction option. Notes: ***, **, * significant at the 1%, 5%, 10% level of error probability respectively. AEZ = agro ecological zone. Source: Survey, 2003. Table 11 shows that years of formal and informal training and off farm income positively influence the choice of animal traction among the de facto female-headed households. The information gained from training together with the presence (albeit absent) of a man in the household makes the situation of the household better in terms of information access and resource endowment hence the choice of animal traction. However, unlike previous observations, infrastructure index has a negative influence on the choice of manual tillage among the de facto female-headed households. This implies that farmers who live close to the infrastructure facilities use manual tillage more than those who live far off. The age of the household head and off farm income positively influences the use of animal traction among widower male-headed households (Table 12 ). This implies that older male-headed household widowers use more animal traction than their younger counterparts. This is attributed to the higher resource endowment that the older widows enjoy from inheritance and also from remittances from their children. On the other hand, years of training, land size and commercialisation index have a negative influence on the use manual tillage. This implies that farmers who have received more training engage less in the use of manual tillage. Notes: ***, **, * significant at the 1%, 5%, 10% level of error probability respectively. AEZ = agro ecological zone. Source: Survey, 2003. Table 13 shows that animal traction is twice as profitable as manual tillage for all gender categories. The number of harrows before planting is the same for both animal traction and manual tillage for all gender categories. Interestingly weeds emerged earlier where animal traction was used compared to where manual tillage was undertaken which is explained by the finer quality of operation achieved under manual tillage compared to the rougher animal traction. The cost of animal traction and manual is the same for the male headed married households but it is higher for animal traction compared to manual among the rest of the households. Animal traction is the same for all households but it is much higher that manual tillage. This so because the operators of the animal traction are the same for both male and female headed households because the technology comes with its operators when hired. Manual tillage power is the highest among the de jure female-headed households and lowest among the male-headed married households. Distance to the source of animal traction is within 1 km for all households irrespective of gender. The implications are that animal traction technology is within the reach of the households only being constrained by its high cost and the congested schedule due to high demand.
Technology attributes preferred by households
Technology attributes influencing the choice of mechanization method
As seen in Table 14 , the time taken before serious weed emergence together with the profitability attributed to the technology have a positive influence on the choice of that technology. But cost and power output of a technology has a negative influence on the choice of that mechanization method. Power output was measured in the number of days taken to complete a task hence the more days it takes the lower its power output. Profitability attributed to a technology has a positive influence on the choice of that technology among both married and single male-headed households as seen in Table 15a . On the other hand cost, number of harrows before serious weed emergence, and power output has a negative influence on the choice of a technology among both male-headed married and single households. Table 15b shows that the cost of a technology and its power output has a negative influence on the choice of that technology among male-headed widower households. Also, profitability of a technology has a positive influence to its choice. For the de jure female-headed households, the number of harrows, cost, and distance to the supplier of the technology has a negative influence on the choice of the technology. This implies that households prefer efficient but affordable technologies. Table 15c shows that the numbers of days taken before serious weeds emerge after the use of a technology, and profitability attributed to the use of that technology, have a positive influence on the choice of a technology among the de facto female headed households. These are preferred because tillage operations are widely spaced, which reduce the costs. Also farmers being rational consumers will go for technologies that increase their profits. But number of harrows required before planting after the use of the technology together with its cost has a negative influence on the choice of that technology among the de facto female-headed households. Increased harrowing increases cost of tillage hence not preferred by many rational farmers, hence farmers go for technologies, which are more efficient and cost effective. 
Conclusions and policy implications
Conclusions
The study reveals that farmers are generally aware of the various farm mechanization methods prevalent in the district. The most commonly used tillage methods are manual and animal traction. Households prefer animal traction due to its efficacy, availability, and relative affordability, and hence is the most suitable mechanization method in the area. However, the very low-income households and those who own very small parcels of land use manual tillage since they cannot afford animal traction, which is more expensive than manual tillage. Households with small plots of land use manual tillage because animal traction requires space (clearance) for the movement of animals and equipment. The choice of manual tillage is however most prevalent among the de jure female-headed households.
Generally, there are differences in resource availability and ownership with a tilt against women, more so the de jure female headed households, which limit their farm productivity. The choices that male and female household heads make on farm mechanization are differentially influenced by the household's socio-economic characteristics and technology attributes. This is so because characteristics such as the level of training, land and livestock ownership and being married, single or divorced for instance imply different opportunities and challenges in society.
Male-headed households are better trained, own and control more household resources than their female counterparts. Also, male-headed households attend FFS more than female-headed households due to the burden of farm and other domestic chores undertaken by the female members of the community. Access to formal credit is very minimal in the district, which is confined to male-headed married and female-headed households. However, male-headed married households together with the femaleheaded households have limited access to formal credit, while female-headed households have more access to informal credit, as women groups in which they are members mainly operate informal credit.
Formal and informal training, land size, and the age of the household head promote the use of animal traction. The same factors discourage the use of manual tillage across gender. Training increases awareness, while land size determines whether animals and equipment have space to be used. High cost also discourages the use of a technology, while power output and profitability promote the use of the technology. Therefore farmers seek technologies, which are profitable, affordable, and efficient at the least possible cost.
Policy implications and recommendations
Formal and informal training promotes the use of animal traction, which is a suitable farm mechanization technology for the resource poor smallholder farmers. The training curriculum of the Ministry of Agriculture should emphasize mechanization topics to inform farmers on alternative farm mechanization options. Small hand pushed tractors mainly used in the Asian countries should be introduced and promoted to increase the alternatives for farm mechanization in Kenya and in Bondo district especially for those households with smaller land holdings.
Technology attributes such as efficiency, power output, and reliability promote the use of animal traction technology. But all members of society do not access animal traction. Consequently, more research needs to be undertaken to develop hand implements that are more efficient and cost effective to address the needs of this category of household. Alternatives such as the two-wheeled hand pushed tractors should be introduced and demonstrated to households to create awareness. Research should also incorporate farmers' desirable attributes such as low cost and high power output into existing technologies to make them more appropriate.
All household resources including tillage equipment are owned and controlled by men; thus women cannot make decisions concerning these assets. Gender issues should be included in farmer training and the extension officers' training curriculum to sensitize them to gender so as to encourage equity. The government through parliament should enact legislative laws that will promote gender equity. Community leaders such as politicians should be sensitive to gender equity so that they can impart appreciation to their communities.
